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When I became Associate Director in 1973 
I spoke to the college staff and said that two 
words, "justification" and "accountability," 
would be very significant in the days and 
years to come. Because of the wide variety of 
research projects and limited funding we 
have always had to operate that way. 
We justify what we do and account for the 
dollars spent in doing it. That's the way it 
should be. 
But the Zero Base Budget (ZBB) process, in 
which we participated this summer at the 
request of the South Dakota legislature, gave 
us a new appreciation for each of these 
words. 
ZBB procedures were authorized by the 
1977 and 1978 legislatures, and it was 
determined that one to six state supported 
agencies would be requested to zero base 
budget each year. This year the Agricultural 
Experiment Station and the Cooperative 
Extension Service were on that list. 
· The procedure required us to rank all 
activities at three levels of funding starting 
from zero. The minimum funding level for 
each was to be less than 91 % of current 
funding-or the point at which a program 
could no longer operate effectively. The 
second level was the current budget level; 
a.nd a third was proposed increased funding, 
indicating how that additional funding would 
be used. 
Each activity or project was evaluated and 
ranked along with the others at each level of 
proposed funding. Department heads 
collected and evaluated all projects in their 
Director's 
comments 
We justify our research and 
account for funds every day. 
So ZBB gave us no surprises 
departments, and our office repeated the 
process from the overall Experiment Station 
viewpoint. The Board of Regents then 
approved the list before it was submitted to 
• 
the ZBB committee. • 
Of course the task required hundreds of 
hours of staff time, but we believe it was a 
worthwhile exercise. We are always willing · 
to talk a bout agricultural research, and this 
review provided us with several opportunities 
to "tell the story" to people at many levels of · 
management and decision making. 
At this particular time, we talked to the 
ZBB committee of legislators and 
representatives from the legislative research 
staff, the Office of Finance and Management, 
and the Board of Regents. The committee, 
under the chairmanship of Rep. Harold Sieh, 
Herrick, spent a day reviewing each agency. 
In addition to letting others know about our 
work, I'm sure that all of us here at the 
Experiment Station have a better 
understanding of our own operation. This 
effort has brought us together; we see even 
more opportunities for cooperative research 
among our different scientists. 
Our ultimate -goal continues to be to 
conduct a research program that represents 
what the majority of the people in South 
Dakota want. That involves regular pruning 
of activities that have weakened or grown out 
of control. That results in more "live" 
projects-those that you say you need. • 
" Justification" and "accountability" still 
describe our basic, daily decisions. We intend 
to stick with them. D 
.• 
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Three state institutions have teamed up in 
an unusual alliance which produces farm 
research results, food for hospital patients, 
and work for 15 penitentiary inmates. 
The farm of the Human Services Center at 
Yankton i~ the scene of this project which 
sees tru~ties from the State Penitentiary at 
Sioux Falls working with professors from 
SDSU. 
Trusties from the penitentiary provide most 
of-the labor to operate the crop farm and 
dairy farm of the state hospital. The Human 
Services Center provides supervisors for the 
penitentiary trusties and runs the farm. SDSU 
professors set up farm research programs 
and analyze the data collected by the 
trusties. 
Dr. Ken McGuffy, Brookings, assistant 
professor of dairy research at SDSU, heads 
principal research projects at the Human 
Services Center. His research centers around 
dairy cattle, silage, and pastures. However, 
some small grain test plots are located on the 
grounds by Dr. Fred Shubeck, Beresford, 
manager of the Southeast South Dakota 
Experiment Farm, Vane Miller, Yankton 
County Extension ·agent, and Dr. Paul Carson, 
Brookings, professor of plant science. And a 
feedlot project for beef is about to get 
underway under the leadership of Dr. David 
Whittington, Brookings, professor of animal 
science. 
Setup benefits all partners: gainful 
work, more food, important research 
The Human Services Center has a 1,000 
acre farm surrounding its grounds at Yankton 
and also a herd of a bout 240 dairy cows. The 
milk is consumed by patients at the hospital; 
any excess is sold to help offset operating 
expenses. All the feed for the dairy cattle is 
raised on the farm. 
The farm also has about 250 acres of 
potatoes which are consumed at the hospital 
along with the produce from a 20-acre garden 
and a 30-acre orchard. Beef from a small 
herd are slaughtered to heip provide meat for 
the hospital. 
Hospital patients at one time helped work 
the fields, but this practice was discontinued 
several years ago. Also, state employees in 
the farm operation were cut back. 
About the same time, Warden Herman 
Solem was looking for a way to get more 
prisoners out from behind the wall of the 
penitentiary and involved in a gainful 
occupation. An arrangement was made 
between the penitentiary and the Human 
Services Center to have trusties living at the 
farm. 
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Argyll Conner, farm superintendent at the 
Human Services Center, had believed ever 
since he came here 14 years ago that the 
farm at the hospital should be involved in 
resarch with SDSU because it was state land 
operated by state employees. 
The well-run dairy herd attracted 
scientists wanting single cow data 
4 
Just such an arrangement got started about 
a year ago through correspondence with Dr. 
Ray Moore, head of the Experiment Station at 
SDSU. 
The large dairy herd particularly lends 
itself to SDSU research, because the hospital 
f a~m has individual stalls for each of the 80 
cows milked and individual data can be taken 
on each cow. · 
McGuffey has had four experiments at the 
Human Services Center: double cropping 
sunflowers after oats for silage, testing the 
effectiveness of a silage preservative, 
learning how declining pastures affect milk . 
production as the summer progresses, and 
making haylage. 
In 1978 McGuffey double cropped oats for 
silage followed by sunflowers for silage and 
was successful with both crops. "It was a 
gamble, but we got two crops off," said 
McGuffey. The project averaged 6 to 7 tons of 
silage per acre with sunflowers. ''I was 
happy with that," he said. 
The preservative experiment compared 
untreated corn silage with corn silage treated 
with a bacterial enzyme type preservative. 
The experiment showed that treating corn 
silage made no difference in the milk 
production or feed intake of the dairy cows, 
and did not improve silage quality. 
The pasture experiment, which was 
intended to show the decline in milk 
production as a pasture ages during a season, • 
wound up in July. Farmers normally ., 
experience a slight increase in milk 
production when they turn their cattle out on 
lush pasture and normaily don't change their 
ration once they turn cattle out.. 
"We want to· show that a good balanced 
ration is the way to go and that you need to 
make some changes in ration as pasture 
becomes limited in quantity and quality," said 
McGuffey. 
McGuffey said use of the facilities at 
Yankton "makes us more flexible with 
research than we were in Brookings. I don't 
have to wait as long for animals to do what I 
want them to do." The size of the herd and 
the ability to take individual cow data are 
what attracted him to the arrangement. 
McGuffey was able to secure a private 
grant to erect two bunker silos on the 
When these replacement heifers join the milking herd at the 
Human Services Center farm, each will have her own stall. The 
opportunity to take individual records boosts dairy research 
capabilities. 
Argyll Conner, farm superintendent at the Center, and Ken. 
McGuffey, SDSU dairy researcher, record temperature 
readings on haylage in one of two bunker silos. 
State Penitentiary trusties provide the labor to operate the 
farm in the three-way agreement between the Penitentiary, the 
Human Services Center, and the Experiment Station. 
grounds of the Human Services Center. Those 
two silos are now full of haylage. 
Ultimately, the inmate program 
will benefit all South Dalcotans 
''The key to the success of the research has 
been the willingness to work with the trusty 
program," said McGuffey. "The trusties 
provide the labor to make it work and Argyll 
(Conner), farm superintendent, and Arnold 
(Bierle), dairy foreman, provide the 
supervision." 
Conner said he is "looking forward to a 
long-term relationship with SDSU. It gives me 
a boost to be able to contribute. The trusties 
are very much interested in the research. 
They seem to think it is not just a dirty line of 
work. We impress upon them about being 
careful and doing a good job and they dig 
right in," said Conner. 
He understands that the prisoners at the 
. State Penitentiary try to get on the list to get 
.. 
on the work detail at the Human Services 
Center. When they join the crew of 15 
trusties at Yankton they are still considered 
prisoners of the penitentiary, but they can 
work 8 or more hours a day on the farm and 
then are confined to their quarters under 
guard at Yankton. They are still prisoners but 
they have the freedom to work. 
"It's very depressing to wake up to bells 
and cell doors slamming," said Conner of the 
atmosphere the trusties leave behind at Sioux 
Falls. At Yankton, "It's a more relaxed 
atmosphere for them, but they work hard," 
he said. 
"They're very definitely happy to be out of 
the penitentiary and working, and they think 
it's a good break for them," said Conner. 
Meanwhile, all the people of South Dakota 
will benefit from the farm research that is 
being conducted by SDSU through the inmate 
program. D 
The writer is Jerry Leslie, information specialist, Ag 
Information Office. 
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Home-grown 
nitrogen 
Someday corn and wheat 
may not need 
applied nitrogen. 
Helpful bacteria 
could furnish 
what the crops require 
Nitrogen fertilizer bags, anhydrous 
ammonia tanks, and perhaps even nitrogen 
fertilizer bills one day may become museum 
pieces if some scientists prov!3 their theories 
are correct. 
Robert M. Pengra, microbiologist at the 
South Dakota Agricultural Experiment 
Station, emphasizes that the possibility still is 
years away. Btit he and other scientists think 
that some day tiny organisms not visible 
without a microscope may provide most 
crops, including corn and wheat, with needed 
nitrogen fertilizer. Today, manufacturing 
nitrogen fertilizer, which accounts for the 
largest volume of all crop fertilizers, takes 
multi-million-dollar factories and huge 
quantities of natural gas. 
Since ancient times farmers and gardeners 
have known about the unique ability of some 
leguminous plants such as alfalfa, beans, 
peas, and red clover to put something special 
back into the soil that enhanced the growth of 
other types of plants. 
Eventually that special something was 
determined to be usable plant nitrogen 
released by bacteria in little nodules on the 
roots of these plants. Over the years these 
bacteria commonly have been called 
"nitrogen fixers." That is, they can take 
nitrogen from the air (which contains 80% 
nitrogen) and change it into a form of 
nitrogen that a plant can use to make plant 
protein, which in turn can be used by humans 
and animals. 
However, many crop plants don't have the 
nodules or the bacteria to fix air nitrogen for 
them even though they need it for optimum 
growth. Hence, the wide use of commercial 
fertilizer. 
Search for nitrogen fixers 
has strong economic incentives 
But now the work of Pengra and his 
cohorts in this and other countries is 
encouraged especially by those concerned 
about the abuse and overuse of the available 
fuel supply. Others backing up the research 
are consumers demanding lower priced food, 
farmers who feel mounting fertilizer bills, and 
officials of underdeveloped, underfed 
countries which don't 
have factories or fuel 
to produce fertilizer. 
But the job ahead 
• 
• 
makes looking for a 
needle in a haystack 
sound easy. Pengra, who • 
has written numerous 
scientific papers in his 
field, is searching many 
South Dakota soils for these soecial 
microscopic organisms that release plant 
nitrogen. 
He explains that various kinds of these 
organisms have been found by researchers in 
addition to the familiar ones on legumes. 
Some bacteria fix nitrogen only when they 
form what he calls a symbiotic relationship, 
or when both the plant and the organism 
benefit from each other. Other bacteria are 
completely free living or independent of any 
plant. Still other kinds of these nitrogen fixing 
bacteria appear to form loose associations 
with plants by living around the roots. 
Names like Azotobacter, Clostridium, 
Bacillus, Kebsiella, and Spirillum identify 
some; each of these genera contain several 
species. Others haven't been identified or 
found yet. 
Pengra and his associates are searching 
for these and new nitrogen fixing bacteria at 
various research substations around the 
state. But finding, describing, and naming the 
types most prevalent in South Dakota soils 
around roots of wheat, oats, corn, sorghum, 
and native forage is only the beginning. 
Next is to find the magnitude of the 
nitrogen fixing activity in the laboratory with 
use of what he calls an acetylene reduction 
assay. Pengra's aim is to determine what 
relationship exists between these plants and 
the numbers of the various species of the 
bacteria. 
"In the past we haven't thought of nitrogen 
fixers being around such plants as wheat and 
corn," he says. "But isolated cases have been 
found where certain types of nitrogen fixers 
grow naturally around the roots of these 
plants and appear to cooperate with the 
plant." 
He notes a grass in Brazil which a scientist 
observed stayed very green while neighboring 
grasses faded. Nitrogen fixing bacteria were 
found near the roots. He cites a wheat crop 
in Nebraska which showed nitrogen fixing 
action. In the scientific papers he writes, 
Pengra describes studies in Oregon, Egypt, 
and the Soviet Union. 
"The main question I'm after right now is 
why certain crop plants will allow nitrogen 
fixation in their root zones and others won't," 
Pengra explains. 
"The kind of questions we must answer is 
why this can happen in only one area or one 
soil condition or one variety of a plant. 
"Does the plant leak a sugar or substance 
which aids this special bacterium? Perhaps 
the bacteria leak something in return. Is 
there a mutual help of some kind going on 
between the plant roots and the bacteria? 
''These questions and many more need to 
· be answered before we can put these 
bacteria to work purposely on various· crops,'.' 
he goes on. 
How does he think these bacteria might be 
used? 
Farmers are familiar with one way. For 
years they have inoculated seed of soybeans 
and other legumes with recommended 
bacteria just before planting. Results are 
higher yields and decreased commercial 
fertilizer needs. 
Pengra says that some companies are 
selling inoculant for plants other than 
legumes, but so far scientists apart from the 
companies involved have not shown that any 
of these inoculants enable the plants to fix 
nitrogen. 
He refers to a cooperative study by 
researchers from several Great Plains 
experiment stations in a variety of climatic 
conditions and on a variety of soils. The data 
from this study failed to show any benefit to 
any of the plants inoculated with cultures 
sold for non-legume crops. 
He emphasizes the non-legume crops. 
Inoculants for legumes are most useful. 
Another way Pengra suggests bacteria may 
be used is to seek out plants which can and 
do attract free living nitrogen fixing bacteria·. 
Perhaps this already occurs in a specific corn 
or wheat variety. Some scientists are trying 
to genetically give a plant this ability, Pengra 
explains. 
A third way he suggests these special 
bacteria might be put to work is interseeding 
a suitable native legume with other desirable 
forages or plants. 
Answer isn't ujust 
around the corner" 
Pengra has originated and has been adding to 
a herbarium collection in his laboratory. The 
collection requires no fancy equipment. It's 
simply dried plants identified and placed 
between old newspapers in a metal ca bin et. 
As he pulls a few samples out, he offers 
such comments as: 
"This is buffalo bean." 
"Legume really means 'seed pod'." 
"This is Indian turnip. I've been served the 
Native American dish of Indian turnip and 
tripe soup and found it very tasty." 
This collection is all the kinds of legumes 
he has found so far in the state. While most 
people can name five or six, Pengra has 
picked up about 20 different genera 
containing some 40 species of leguminous 
plants. Many were found in western South 
Dakota where a diverse group of native 
legumes still grows, he explains. But he's also 
discovered others along the slopes of the 
"Coteau des Prairies" in northeastern South 
... 
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Bob Pengra, SDSU microbiologist, has so far collected and tag-
ged about 40 species of wild legumes in the state; this one is 
buffalo bean. He is also identifying the various bacteria found 
Dakota , railroad rights-of-way, Missouri River 
lowlands, and small undisturbed prairie 
areas. 
Though intriguing, little time can be spent 
on this collection, says the scientist who also 
teaches and is a former chairman of the 
SDSU microbiology department. 
associated with roots of these native plants, hoping-some-
day-to set up a relationship between nitrogen fixing bacteria 
and non legumes such as corn and wheat . 
Putting nitrogen fixing bacteria to work for 
the betterment of South Dakota and food 
production .in general plainly isn' t just around 
the corner. But people like Pengra are inching 
the possibility closer. D 
The writer is Jacqueline Ullery, assistant information 
specialist, Ag Information Office. 
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steer with a 
pop top 
Hector won't mind if you steal his 
supper; he's already eaten it. You 
snitch it through hole in his side 
Like the cap on a jar of pickles, a lid can 
be snapped off a live Holstein steer 
affectionately called Hector. 
Dr. Leslie D. Kamstra, Experiment Station 
· animal scientist, opens the 4-inch lid 
( cannula) which is fitted into a fistula or hole 
on Hector's side, and dips his rubber-gloved 
hand inside. Hector feels no pain or 
discomfort. He doesn't even stop chewing his 
cud. 
The researcher brings out a small portion 
of Hector's meal, which looks much like 
dripping wet spinach. The food sample or 
liquids from it will be used in a research 
project. 
Hector is one of several cattle and sheep 
which have served South Dakota research 
and agriculture over the years in a special 
way. Their fistulas are fitted while the 
animals are under anesthetic, and they live 
normal life spans or many times longer. 
Kamstra explains that these animals have 
built-in protection against such troublesome 
maladies as hardware disease or bloat. For 
example, if Hector swallows wire or nails, 
the articles can be removed easily. 
Nor will Hector ever worry about the 
pressure from bloat; his top will simply pop 
off. 
Hector's ''tummies'' harbor billions 
of thriving and . necessary microbes 
Research animals such as Hector serve 
several departments on the SDSU campus. 
Scientists in the bacteriology department can 
reach inside for a source of microorganisms. 
To the veterinary department, the animals 
offer a way to take a closer look at ruminant 
digestive disorders. And for the animal 
science department, they enable animal 
nutritionists to determine most efficient feeds 
or feed mixtures. 
According to Kamstra, scientists have 
learned a lot about digestion since the first 
accidental fistula was made by a gun shot 
wound in the stomach of a young fur trader 
in 1822. When the hole wouldn't close, the 
attending army doctor, William Beaumont 
made his pioneering studies of hum~n ' 
digestion which later became a classic 
benchmark for such non-ruminant animals as 
pigs, dogs, and birds. These animals have one 
compartment in their stomachs and depend 
on enzyme secretions for digestion. 
But scientists knew ruminants such as 
cattle, sheep, goats, and deer were different. 
Eventually they used cannulae and other 
ways to study a ruminant's digestion process, 
too. 
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They found that in the ruminant, the main 
digestive system has four compartments-the 
rumen, reticulum, omasum, and abomasum. 
"The first three of these can be thought of 
as processing organs that pre-digest the hay, 
grain, and other foods before the digestive 
enzymes complete the job in the last 
compartment, sometimes called the true 
stomach,'' Kamstra explains. 
Some 50 species of bacteria and 30 species 
of protozoa have been found surviving in the 
first three compartments. Though these 
organisms are not visible without a 
microscope, ruminants depend on them to 
process or convert their food into a form 
usable by the animal. Without these 
organisms, grazing cattle and other ruminants 
would die because they could not utilize fiber. 
"It's a story of coop-eration between the 
animal and its millions of friendly microbes 
which have found the rumen, reticulum, and 
omasum so much to their liking that they 
multiply and flourish," Kamstra says. 
"At the same time the cow or other 
ruminant serving as host for the organisms· is 
supplied some nutrients which are unique to 
this type of animal. For example, we know 
now that volatile fatty acids produced by the 
microoganisms from both roughages and 
grains furnish a substantial amount of the 
total energy for the animal. 
Since many scientists rely on fistulated steers, one Hector is 
not enough. This Hector has a different "lid" than the steer 
below; it drained a little when he belched; but the opening is 
clean and he's agile and in fine shape. 
Easy enough, once he puts on gloves, for Les Kamstra, SDSU 
animal scientist , to reach down in Hector's stomach for 
samples of feed and stomach microorganisms. 
Brutus can digest 200 feed samples at a time. He's a tub with 
200 slots for test tube samples of feed and ruminant 
microorganisms. 
"As the organisms multiply, sometimes 
about a billion per teaspoon of rumen fluid, 
high quality protein is generated. Microbial 
protein is estimated to be equivalent to milk 
protein in quality. These organisms also make 
it possible for the animal to produce its 
protein from nitrogen sources such as urea, 
which non-ruminants can't do," Kamstra 
explains. 
Brutus, once a "cow," can digest 
200 feed samples at same time 
Some 15 years ago the thought occurred to 
Kamstra and others working with fistulated 
animals that a laboratory apparatus could be 
made to simulate the digestive activity that 
occurs in a cow .. At this time, the only way 
scientists could find out how much of a feed a 
cow could digest would be to feed it to her 
and measure what remained or was excreted. 
The difference between what went in and 
what came out resulted in the amount she 
digested. 
Eventually Kamstra, with contributions 
from other scientists, made an artificial 
cow-without the manure to shovel. This first 
unit consisted of only 12 digestive units, or 
milk bottles, inoculated with microorganisms 
from a fistulated animal like Hector. The 
bottles were inserted in water kept at the 
temperature of a cow's digestive system. 
Since the microbes live only without air, 
carbon dioxide was pumped to each milk 
bottle to exclude air. 
... 
Today's version of what Kamstra once 
called the glass cow looks like a stainless 
steel tub with rows of holes across the inside 
top. Students at SDSU at one time called it 
the "holey cow" but have recently erected a 
sign above it christening it "Brutus." 
In contrast to the 12 samples the original 
version could handle, Brutus, still aided by 
Hector's organisms, can process or determine 
the percent digestibility on 200 feed samples 
at a time and in about 48 hours. It also can 
be used as a screening method to determine 
nutrient needs of the cow and its 
microorganisms and test vitamin production 
and toxic products in feeds. 
Currently at the Experiment Station, plant 
breeders use the Brutus mechanisms to 
develop strains of forage with higher 
digestibility. Agricultural engineers are using 
the artificial cow to determine how some of 
the new large hay packaging affects quality. 
Hector and Brutus are but two examples of 
tools that become channelled into the 
mainstream of everyday research. Years 
later, they indirectly save hundreds of 
research, livestock, and human food dollars. 
Seldom caught without a sense of humor, 
Kamstra says, "these two tools work with a 
lot of bugs built into the system." D 
The writer is Jacqueline Ullery, assistant information 
specialist, Ag Information Office. 
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Dave Schingoethe, SDSU dairy scientist, finds the sun silage, 
on the right, darker than the corn silage next to it. Sun silage 
has more crude protein and much more fat, which may balance 
out its additional fiber. Total digestible nutrient assay of a 
high-oil variety is nearly that of corn silage. 
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If less mature sunflowers are harvested, 
plants may contain slightly less lignin and a 
little more protein. Some wilting before 
ensiling may l:Je needed to achieve the desired 
30-40% dry matter. 
Studies conducted before 1930 indicated 
the feeding value of sunflower silage was 
80% that of corn silage. Today it is believed 
silage made from the newer hybrids may 
exceed that. 
Beef or dry cows may respond better 
than milkers; production dropped off 
The SDSU research evaluated the feed 
value of sunflower silage made from high-oil 
sunflowers by feeding it to 20 milking 
Holsteins. Cows were group-fed sunflower 
silage and corn silage on a free choice basis 
with a grain mix at 1 pound per 3 pounds of 
milk produced. 
Cows getting sunflower silage produced 8 % 
less milk than those getting corn silage. 
However, fat tP.sts were higher with 
sunflower silage. 
Intake was found to be a problem with 
cows on sunflower silage. Cows in this group 
ate 19% less dry matter than when fed corn 
silage. Schingoethe and McGuffey speculate 
that this may be responsible for the lower 
milk production among the sunflower silage 
group. 
The high fat content in the sunflowers was 
given as a possible reason for the cows eating 
less. Feed consumption is usually reduced 
when feeds contain more than 8-10% fat. 
Ensiling oilseed sunflowers which have a 
lower yield or using non-oilseed type 
sunflowers would lower fat content and 
increase feed intake. 
Another alternative would be to feed other 
forages along with the s4nflower silage, such 
as corn silage, haylage, or hay. 
According to a recent study at the 
University of Minnesota, sunflower silage 
would very likely be a good forage for 
growing and fattening cattle. Farmers in 
Northern Europe and Rus~ia collect tailings 
from the combine when harvesting sunflowers 
and use this for feed. These tailings are 
mostly flower heads without the seeds, 
leaves, and upper part of the stalk. Sugars 
contained in the heads are particularly tasty 
to cattle and are readily consumed. 
Sunflower tailings, say Schingoethe and 
McGuffey, contain less energy than silage 
with the seeds included but still is an 
acceptable feed for growing heifers or dry 
cows, or for wintering beef cattle. 
Double cropping with sunflowers puts (ia, 
land to use, gives whole-plant silage 
Sunflowers also show potential as a second 
crop following small grains or other early 
season crops. The yield potential will vary 
with the temperature and amount of late 
summer moisture. 
Because a second crop of sunflowers may 
not reach full maturity, it can be used better 
as whole plant silage, according to the 
researchers. 
During the SDSU experiments, sunflowers 
were planted in late July after harvesting 
oatlage. The sunflowers were harvested in 
mid-October, after a couple of killing frosts. 
The seeds were not fully mature when 
harvested, but 6 tons of 30% dry matter 
silage per acre were harvested from land 
which normally would have been unused. 
Several additives to increase digestibility of 
sunflower silage were tested. These additive~ 
included dried whey, urea, and sodium 
hydroxide. All improved silage digestibility. 
Two percent dried whey ( 40 lbs/ton of 
silage) was more effective than 1 % . A 
combination of 2% dried whey plus .5% urea 
was found to be the most effective additive 
tested. D 
The writer is Alan Morland, journalism intern in the Ag 
Information Office. 
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Co·ming of age 
Sunflowers are no novelty anymore. 
We're into the stage of carryover 
transporting, and storage proble~s 
Sunflowers may be one of the best 
"friends" the wheat grower ever had. 
How's that again'? 
The opinion of one of the state's best-
known crop watchers, SDSU Economist Art 
Sogn, is that sunflowers offer wheat growers 
a new kind of flexibility-one with double 
edged benefits. · 
During oversupply, wheat prices often 
plummet. "But, by habit and tradition, we 
continue. planting wheat until we've dug such 
a marketing hole for ourselves that it takes 
years to crawl out," says Sogn. 
Wheat growers who switch to sunflowers 
during such periods not only get a good 
return from that crop but also remove a like 
amount of wheat acreage from the 
oversupply. Result'? "Anything to lessen 
oversupply helps restore reasonably adequate 
prices." 
Yellow skyrocket has burst across 
four states; changed world trade 
The meteoric rise of sunflowers fascinates 
Sogn and fell ow economists. "Who would 
. have believed 10 years ago that sunflower 
acreages in North Dakota, Minnesota, and 
South Dakota would outstrip both durum 
wheat and barley by 1979'?" he asked. "Or 
who would have believed our total acreages 
and the amount of our exports both would 
have quadrupled in the past 4 years'?" 
Those numbers are only part of the 
sunflower story. 
Improvements in variety and technique 
nationally have resulted in a 30% yield 
increase over the past 3 years. South Dakota 
yields in 1978 for 165,000 acres averaged 
1,200 pounds per acre, with some county 
averages exceeding 2,000 pounds. Sogn cited 
some unsubstantiated production figures 
which approach 3,000 pounds per acre. 
Nationwide, with most production centered 
in just four states including South Dakota, 
acres harvested rose from about a million in 
1976 to an estimated 5.2 million in 1979. 
And, from ending stocks of zero bushels in 
1976, carryover for 1979 may reach 2.5 
billion pounds from a total production 
estimated at 6.8 billion pounds. 
Meanwhile, exports have soared from 688 
million pounds to more than 3 billion pounds · 
for the same period. 
In total proquction, America now has edged 
out Argentina for second place at 1.3 million 
metric tons but still is a poor second to 
Russia which leads with 5.9 million metric 
tons. 
Most American output is exported as whole 
seed, to be crushed and processed at 
overseas plants, and totals a million metric 
tons, or about 72% of all production. This 
places the U.S. in first place as a whole-seed 
exporter, and it indicates tremendous 
potential for crushing plant construction 
here, according to Sogn. 
In fact, as an exporter of sunflower oil, the 
U.S. ranks only fifth, Sogn said. 
Domestic crushing is increasing, with a 
jump of 72% in the past year. Sogn says a 
plant would be a definite asset to South 
Dakota. 
Sogn has been privy to discussions a bout 
locating a crushing plant in northern South 
Dakota, but says uncertainty over the state's 
rail service discouraged the idea. 
One company wanted a rail route to the 
West Coast for access to the mushroo:o;iing 
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export market there. Sogn says recent 
changes now guarantee such access via the 
Burlington Northern from existing trackage. 
A crushing plant here would partially solve 
South Dakota transportation problems, he 
indicated. 
Less contracting, shipping problems, 
and carryover emphasize storage needs 
Transportation woes are one factor in 
making sunflower marketing "a whole new 
ballgame," in Sogn's estimation. 
Another is the large carryover....:..the first 
such amount to remain unmarketed beyond 
harvest time here in the crop's history. 
With the carryover and transportation 
situation we also have our first large-scale 
neea for storage, Sogn said. 
Storage is not a simple consideration. 
"Whether on your own or borrowed money, 
interest lost on stored seed can be a cent per 
pound," he continued. "Further, sunflowers 
weigh only 25 lb/bu and have greater bulk 
than most grains. This requires far more 
storage space. 
"Speaking of bulk," he injected, "we'll also 
see our rates for truck transportation much 
higher because of it. Some truckers have had 
to build side-board extenders to have enough 
seed for a full weight load. Before, they 
generally underestimated the amount they'd 
have to charge, and then, of course, we now 
also have higher fuel prices." 
In overall transportation system 
improvement, Sogn would be surprised if any 
substantial upgrading occurred within the 
next 5 years. The result is that storage and 
hedging will become a way of life for the 
sunflower producer. This contrasts with the 
past in which nearly all of the crop was sold 
on contract and moved shortly after harvest. 
Last year, about 70% of the crop was priced 
ahead of the harvest. This year, it's about 
40%. 
"It's no longer a baby crop," Sogn 
summarized, "and it now will be handled and 
marketed much the same as our more 
traditional crops.'' 
Carryover isn't all bad; it insures we 
have a product to sell in world market 
One of the greater present needs is for a 
futures market for sunflowers, believes the 
economist. 
"Farmers ought to be aware of the current 
effort to establish such a hedging device,'' he 
said. 
Final clearance now is being sought from 
the Commodities Future Trading Corporation 
and, if given, could be announced within the 
next several months. 
One reason for the interest in a futures 
16 market is that "rail transportation in many 
The "growing pains" are over, Art Sogn, SDSU economist, 
believes; and with more experience and with supply-and-
demand figures to work with, we will be able to put sunflower 
culture solidly in place as an important part of South Dakota 
agriculture. 
production areas ranges from poor to lousy," 
said Sogn. "Many elevators don't even accept 
'to-arrive' bids because they can't count on 
rail-car availability and because of severe 
penalties for late delivery. 
''Under these circumstances, one can 
protect the price with a futures contract. If 
one sold a March contract, for instance, and 
the transportation still wasn't available, it 
could be rolled ahead to May or even July. 
"We've been the beneficiaries of a 
sunflower market started by Russia, but that 
nation couldn't meet the demand-especially 
in western Europe," said Sogn. "Russia gave 
us this market by default, and we've been 
trying to increase our production to satisfy 
the demand ever since." 
Despite new marketing procedures 
required by the 1979 carryover, Sogn 
welcomes it. "The carryover doesn't frighten 
me in the least," ·he said. "To get a larger 
share of the export market, we must have a 
product to sell. We can't increase sales if we 
run out of product as we have in other 
· · years." 
And, in Sogn's words, "the export demand 
is almost insatiable at the present time." 
By the end of 1978, exports had risen to 
72% of total U.S. sunflower production and 
brought farmers almost $300 million. Sogn 
estimates this will increase by 223 million 
pounµs in 1979-not counting other sales 
from the carryov~r amount. 
Beside export demand, domestic use of 
sunflower oil also pressures the supply. 
"Now that we've got these oils on the 
market, you can see what has happened: a 
very drama tic increase in domestic crush.'' 
Domestic use increased by 76% last year, 
and Sogn said this shows we aren't going to 
become completely dependent on the export 
market. 
Most domestic use is for cooking oil, and 
some of the gain in this market has been at 
the expense of other types of oils. "I've read 
that one reason for this is that nutritionists 
hope sun oil will replace coconut oil, which is 
quite high in certain fats," he said. 
Advantages of sun oil are that it tends to 
handle heat better, spatters less, and has 
certain health benefits for the user. "There 
has been excellent acceptance by housewives 
but not by some commerical users,'' Sogn 
said. "The reason is that commerical users 
have had to switch processes to use the 
oil-but this is beginning to happen." 
The non-oil market consists mainly of 
birdseed and confectionery seed. This has 
remained fairly constant over the years, with 
no huge gains. 
Special research problems are emerging, 
especially in insect and disease areas 
Rapid growth of an industry brings a 
certain amount of "growing pains," and Sogn 
and his colleagues from other departments at 
SDSU already have tentatively identified 
problem areas which require research. 
"We're inexperienced in this new industry, 
and we still have lots to learn," he said. 
"For instance, we now have higher yielding 
varieties, but they're also later maturing. 
This creates more problems with drying, 
storage, and birds, so research problems also 
are created.'' 
Meeting last summer, Sogn and his SDSU 
co-workers settled on 15 areas of 
investigation including spray drift, handling 
volunteer sunflowers, crop rotation, 
carryover of some insecticides and herbicides 
required for sunflowers, insect and other 
control measures, and the use of desiccants 
to speed up seed maturity for harvest. 
Others include drying and aeration, 
permanent and temporary storage facilities, 
use of a futures market, transportation, 
harvesting methods, marketing decisions 
u~der varying conditions, plant disease, 
storage costs, and bird control. 
Sogn emphasized that the studies need to 
be South Dakota based. "We already know 
that research conducted in other states is not 
100% applicable to us because of several 
factors unique to South Dakota. For example, 
North Dakota hasn't nearly as severe insect 
and disease problems because it is farther 
north and its climate is different." 
For now, Sogn feels the approach will be to 
send out "brush fire" solutions to industry 
problems as they arise. "But we need long-
term research, and this requires some 
funding and some additional people," he 
added. · 
Part of the response to the information 
need will be two sunflower clinics set for 
February 20 at Aberdeen and February 21 at 
Pierre. Sogn said reponse to an earlier 
meeting indicates these sessions will be well-
a ttended, especially by farmers planning to 
raise sunflowers for the first time. "At the 
meeting held in Aberdeen early in 1979, less 
than 40% of the farmers there had ever 
raised sunflowers," he said. 
Tempest over sunflower production will 
moderate as we gain growing experience 
''There very definitely will be some 
changes in the way we market sunflowers 
from now on," said Sogn. "Last year, we 
were marketing a crop in which we were 
going to consume almost every pound that we 
raised. Now the crop has increas.ed so 
dramatically that we will have to depend on 
storage, and it will be impossible to market 
the crop all at once. 
''There will be some pricing risk for a 
while because poople -will tend to market at 
harvest time out of habit,"' he continued. 
"This probably will create a pricing dip at 
harvest time just as with other grains. And 
the lower price will encourage more people to 
hold part of the crop until the market wants · 
it. 
"We're going,to see farmers who, for good 
and logical reasons, will contract half of their 
crop to avoid the harvest-time price drop and 
the transportation jamb-up and, for income 
tax and other reasons, may want to speculate 
on the remainder. 
''I think demand will show a steady 
increase, but it is conceivable that we could 
develop a carryover in a few years which, in 
itself, could lower the price for 
· sunflowers-and the high cost of storage 
would compound this loss. 
"But one bright spot inherent to the 
increase in production is that we now are 
able to get better information, including 
supply-and-demand figures. When sunflowers 
were a baby crop, we weren't able to get 
enough information together to do this. 
"Though the growth won't be quite so 
dramatic as in past years, this crop will bring 
millions of dollars to our state. 
"It's a new cropping alternative for those 
who want to consider it," he said·. D 
The writer is Larry K. Tennyson, information specialist, 
Ag Information Office. · 1 7 

Our best 
release 
) A new va.riety or method released to 
the public by our Station fits the 
pattern: technology is our top crop 
What has the South Dakota Agricultural 
Experiment Station done for the state? 
Sometimes experiment station staffs across 
the country find that a tough question to 
answer because many people, organizations, 
and variable factors are involved in a 
station's ultimate mission of helping to provide 
food, fiber, and better quality of life. But to 
plant scientists at the South Dakota Station, 
the answer is easy. 
They compare agriculture in South Dakota 
in 1934 and 1976. Both were extremely dry 
years. In 1934 farmers harvested a top yield 
of 7 bu of oats per acre. In 1935 when rain 
poured, rust demolished the wheat crop 
completely. But in 1977, which was similar to 
1935, farmers had an outstanding year. New 
varieties, good fertilization, and better crop-
soil management practices-many begun and 
developed by South Dakota scientists-helped 
shape a greatly improved agriculture. 
D.D. Malo, plant scientist at the Station, has 
completed a study that takes a close look at 
the advances in farm technology in South 
Dakota. 
D. D. Malo 
Every so often, we at the South Dakota 
Agricultural Experiment Station evaluate 
where we were and where we're going. One 
of the ways we can do this is by examining 
how agricultural technology has improved 
crop yields in the state. 
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Numerous factors influence crop 
production-our climate, for one. 
· The average annual precipitation was 12 
inches in 1976 and 26 inches in 1977. Severe 
droughts occured in the 1930's and 1970's. 
However, with improved agricultural 
technology the drought effect on crop yields 
was less in the 1970's. 
Other events or changes have affected the 
way we use our land. Drought, government 
programs, new hybrids or varieties, 
fluctuating market demands, changing 
management, and other technological 
advancements have all played a part in the 
agricultural picture. 
T,his study examined the effects of rainfall, 
temperature, and improved technology on 
annual crop production and land use in South 
Dakota. Data from 1919 ·to 1977 were used. 
Crop yields were related to year and state 
averages of annual rainfall and 
temperatures. The crops were corn, barley, 
oats, rye, wheats, flax , soybeans, grain 
sorghum, and various hays. Crop and hay 
yield data represented average yield per 
harvested acre and were obtained from the 
USDA Crop Reporting Service. 
Climatic data for 1919 through 1977 were 
obtained from the U.S. Department of 
· Commerce and the Agricultural Engineering 
Department at SDSU. Average annual 
precipitation and temperature came from all 
weather station data in the state for each 
year. 
. Records show technology boosted 
yields, especially in dry years 
Since 1920, technological advances such as 
improved varieties, pest control, and better 
soil-water-fertility management have 
increased average crop yields. The suggested 
influence of technology on crop yields at 
three moisture levels is shown in Table 1. 
Percent yield increases varied on all crops, 
but went as high as 329%. The years chosen 
for comparison had simila~ average annual 
precipitation, similar annual temperatures, 
and a similar year preceding it, so the 
differences shown are mainly caused by 
technology and not by climate. 
Two major factors explain the decline in 
yields in 1930-1935. One, of course, was the 
drought. The other was that large acreages of 
land which were marginal for cropping were 
brought into production. Another reason yield 
dropped in the 1930's was a decline in soil 
fertility levels with crop removal of nutrients. 
.1.t: ... ,_ .. _.{·-f~;~~s . ., ~ ..... ·1-,r ,.~ 
Table 1. Influence of tec~nQlo op ·yields at three moisture levels. 
Precipitation class Above average 
Avg ann preclp (In) 27.4 26.1 
Avg ann temp ('F) 
Year 
Crop 
When Doug Malo, SDSU plant scientist , compares weather and 
crop records from as far back as 1919, he can easily find the 
main reason South Dakota farmers are now better equipped to 
From 1920 to 1977 the greatest yield 
increases occurred in grain sorghum ( 40 
bu/A) and corn (35bu/A). Alfalfa hay had the 
least yield improvement during this period. 
However, only a few years before 1920 no 
alfalfa could be grown in South Dakota until 
an SDSU scientist found a variety in Russia to 
bring here. Alfalfa is also very dependent on 
precipitation and temperature and has 
special built-in technology. It obtains the 
nitrogen it needs from the air by nitrogen 
fixation processes while most otlrnr South 
Dakota crops except soybeans can not. 
Another reason alfalfa yields have not 
increased since 1920 is that more acres of 
marginal land are now in alfalfa; soil fertility 
levels were higher on those acres in the 
1920's than they are now. Hay yields were 
more strongly influenced by pre,cipitation and 
temperature than technology during the time 
period studied. 
Technology or new developments from 
research and industry have increased crop 
deal with climatic extremes. It's technology-much of it traced 
back to our own Experiment Station. 
yields over all moisture and temperature 
levels considered (Table 1). The greatest 
percentage yield increases were noted during 
drought years. Low wheat and hay yields in 
1977 were caused in part by a lack of stored 
soil moisture from the 1976 drought. Most of 
the precipitation in 1977 came during the 
later part of tthe growing season (July 
through September). Crops such as wheat and 
hay which de_pend on early season 
precipitation did not benefit from the 
precipitation, while late season crops such as 
corn and sorghum did. Also, when a federal 
wheat program limits acreage, farmers plant 
wheat on better soils. 
The high percentage yield increases in the 
below average precipitation class in the table 
(1934 versus 1976) were from improved 
drought tolerance, higher yield potentials, 
and disease resistance in our varieties; better 
pest management; improved soil and water 
management; and because farmers tended to 
plant for an average precipitation year in 
1976. 
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"Averages" rarely happen in 
South Dakota weather records 
South Dakota, with its inland position, has 
a continental climate with extremes of 
summer heat, winter cold, .and rapid 
fluctuations .of temperature. Temperatures 
during the winter months often drop to -20 
degrees F or lower while summer readings of 
100 degrees F or more are common in most 
areas of the state. The average annual 
temperature is 46 degrees F and ranges from 
more than 48 degrees F in the south to less 
than 44 degrees F in the north. 
Annual precipitation ranges from 25 inches 
in the southeastern part to less than 14 
inches in the northwestern part with a state 
average of 19 inches. Approximately 75% of 
the total annual precipitation falls when 
temperatures are ideal for plant growth in 
spring and early summer. Seasonal snowfall 
averages about 30 to 50 inches in the lower 
elevations of the state to more than 100 
inches in the Black Hills. 
From 1920 to 1970 the climate varied 
greatly. During this period the average 
annual precipitation ranged from 10.9 
inches in 1936 to 27.4 inches in 1920. In 1976 
and 1977 the amount of variability was 
evident in the 12.7 inches and 26.1 inches of 
precipitation received respectively, almost 
the extremes in 2 consecutive years. During 
the 58-year period, average annual 
temperature ranged from 50.2 degrees F in 
1931 to 42 degrees F in 1951. 
SDSU has helped change the 
look of rural South Dakota 
Drought, government programs, new 
hybrids or varieties, changes in management, 
and changes in markets or prices have 
tended to cause shifts in land use for each 
crop considered. 
During the 1930's the drought caused a 
drastic cut in the amount of land used for 
corn, hay, oats, durum wheat, other spring 
wheat, and flax while the amount of land 
used for rye and sorghum increased and 
peaked in 1940 and 1941. 
From 1950 to 1970 the number of acres of 
barley dropped 75% with adoption of federal 
· feed grain programs. Farmers realized more 
profit from corn than barley. Consequently 
the corn land use remained fairly constant. 
At the same time the amount of land used for 
oat production increased more than 200%. 
Other spring wheat land use declined with 
the federal wheat stabili.zation program and 
because use of winter wheat land increased. 
During 1948 to 1957 the amount of alfalfa 
increased more than five times while barley, 
rye, and grain sorghum declined rapidly. In 
the late 1940's and early 1950's Ranger and 
Vernal alfalfa varieties were introduced in 
the state. These types of alfalfa were very 
winter hardy and wilt resistant and produced 
large amounts of forage. Thus, alfalfa became 
a more favorable crop for farm use. In 
addition, the federal soil bank program and 
an all-out program to increase alfalfa and 
grass acreage for livestock production by 
SDSU during the 1940's helped to increase 
alfalfa acreage. 
The amount of land used for flax has 
diminished since 1954. Part of the reason is 
price or market problems and competition 
from sunflowers. When the price of linseed 
oil was too high users turned to other oils, 
especially soybean and sunflower oils. These 
markets have not been recovered. 
Since the advent of soybeans in South 
Dakota in the late 1930's, soybean acreage 
has increased, probably at the expense of '4t, 
corn since both have similar climatic needs. 
Rye land use reached its peak in 1939 and 
has declined since then. Rye was used for 
livestock feed, weed control, and labor 
division. However, with the introduction of 
herbicides and new tillage equipment these 
benefits no longer exist for rye. All types of 
wheat and corn have tended to replace rye. 
Durum wheat land use has declined 
significantly since 1930. This decline can be 
related to changes in our standard of living 
from high starch foods to more high protein 
foods. The market has tended to be poor with 
a carryover of durum most years, and many 
acres formerly planted to durum are now 
used to raise winter wheat. D 
The author is Doug Malo, assistant professor in the Plant 
Science Department. 
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Agricultural Advisory Committee 
1979 
Darwin Britzman, Sioux Falls 
Kenneth King, Huron 
Wayne Fletcher, Garden City 
Kent Frerichs, Wilmot 
Verne Sheppard, Rapid City 
Mrs. Gary Hanson, Bushnell 
1980 
Robert Ingle, Cavour 
Greg Jorgensen, Ideal 
Russell Stone, Gettysburg 
Everett Brue, Sioux Falls 
1981 
John E. (Matt) Sutton, Agar, (chairman) 
Arnold Wienk, Lake Preston 
Dale Borchard, Redfield 
Doyce Friedow, Madison 
Mrs. Willis (Joanne) Bieber, Bowdle 
1982 
Elmo Cain, Lemmon . 
Roger Hainy, Wessington Springs 
Roger Zuehlke, Britton 
Gordon Brockmueller, Freeman 
Mark Keffeler, Sturgis 
Southeast Experiment Farm 
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Vane Miller, Yankton , secretary 
Dave Bogue, Beresford 
Leon Jorgensen, Freeman 
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Merlin Peterson, Irene 
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Ken Stewart , Blunt 
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Lawrence Carson, Wessington Springs 
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John Johnson, Sturgis 
Mark Keffeler, Sturgis 
Ray Meyer, Sorum 
Harold Millet, Reva 
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Charles Deutscher, Wall 
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Bio Engineering 
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Animal Science 
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wood Range Field Station 
M. A. Brown, PhD, Assistant Professor 
L. F. Bush, PhD, Associate Professor 
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A. I. Butterf ield, MS, Ass istant In 
C. W. Carlson, PhD, Professor 
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. H. Deutscher, PhD, Assistant Professor 
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G. L. Kuhl , PhD, Assistant Professor 
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T. Lingscheit , BS, Assistant In 
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S. E. Seideman , PhD, Assistant Professor 
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Antelope Range Field Station 
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S. S. Waller, PhD, Assistant Professor 
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C. H. Chen , PhD, Professor 
L. Haertel, MS, Professor 
D. J. Holden , PhD, Professor 
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A. J. Baker, PhD, Professor 
F. C. Ludens, BS, Assistant In 
A. McGuffey, PhD, Assistant Professor 
S. W. Seas, MS, Associate Professor 
D. J. Schingoethe, PhD, Associate 
Professor 
K. R. Spurgeon, PhD, Professor 
G. D. Stewart, BS, Assistant In 
H. H. Voelker, PhD, Professor 
Economics 
J. E. Thompson, PhD, Professor and Head 
H. A. Allen , PhD, Professor 
A. L. Berry, PhD, Asssociate Professor 
K. S. Clever, MS, Assistant In 
T. E. Daves, PhD, Professor 
T. L. Dobbs, PhD, Associate Professor 
A. D. Hoffman, MS, Assistant In 
L. L. Janssen , PhD, Assistant Professor 
W. E. Kamps, PhD, Associate Professor 
W. Kohlmeyer, MS, Professor Emeritus 
C. E. Lamberton , PhD, Associate Professor 
A. A. Lundeen, PhD, Assistant Professor 
A. C. Shane, PhD, Ass istant Professor 
A. B. Sogn, MS, Associate Professor 
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A. J. Walstrom, PhD, Professor and Head 
N. Ahmad, PhD, Research Associate 
T. F. Branson, PhD, USDA-C, Assistant 
Professor 
M. A. Conner, BS, Assistant In (R 8-78) 
E. A. Easton, PhD, Assistant Professor 
J. A. Fisher, PhD, USDA-C, Assistant 
Professor 
A. Greichus, PhD, Professor 
R. D. Gustin , PhD, USDA-C, Assistant 
Professor 
A. S. Hooten , MS, Ass istant In (R 5-79) 
E. J. Hugghins, PhD, Professor 
A. W. Kieckhefer, PhD, USDA-C, Associate 
Professor 
V. M. Kirk, PhD, USDA-C, Associate 
Professor 
J. L. Krysan , PhD, USDA-C, Associate 
Professor 
B. McDaniel , PhD, Professor 
M. H. Roller, PhD, Professor 
G. A. Sutter, PhD, USDA-C, Associate 
Professor 
A. N. Swanson , PhD, Professor 
D. D. Walgenbach, PhD, Assoc iate 
Professor 
Home Economics 
A. Gilbert , PhD, Professor and Dean 
D. Deethardt , MS, Research Assistant 
Service Rank Ill 
L. P. Guild, MS, Associate Professor 
(R 10-78) 
M. Hurlocker, MS, Associate Professor 
W. A. Johnson, PhD, Associate Professor 
• C. R. Sivers, MS, Associate Professor 
Horticulture-Forestry 
A. M. Peterson, PhD, Professor and Head 
N. W. Baer, PhD, Research Associate 
P. E. Collins, PhD, Professor 
M. E. Enevoldsen, MS, Assistant In 
N. P. Evers, BS, Assistant In 
L. L. Helwig , MS, Associate Professor 
L. C. Johnson, MS, Associate Professor 
J. E. Klett , PhD, Associate Professor 
D. M. Martin, MS, Associate Professor 
P. E. Nordstrom, PhD, Associate Professor 
D. P. Prashar, PhD, Associate Professor 
P. L. Spinski , PhD, Assistant Professor 
J. R. Waples, BS, Assistant In 
Microbiology 
T. A. Wilkinson , PhD, Professor and Head 
A. P. Hillam, PhD, Assistant Professor 
P. A. Middaugh, PhD, Professor 
A. M. Pengra, PhD, Professor 
C. A. Westby, PhD, Associate Professor 
S. K. Wynia, BS, Assistant In (R 5-79) 
Plant Science 
M. L. Horton, PhD, Professor and Head 
S. W. Anderson , BS, Assistant In 
W. E. Arnold , PhD, Associate Professor 
J. A. Bishop, BS, Assistant In (R 4-79) 
A. E. Bond, BS, Ass istant In 
J. J. Bonnemann, MS, Assistant ·Professor 
G. W. Buchenau, PhD, Associate Professor 
D. P. Buscher, BS, Assistant In 
P. L. Carson, MS, Professor 
D. C. Curtis, BS, Superintendent, Pasture 
Research Center (R 6-79) 
C. D. Dybing , PhD, USDA-C, Professor 
G. W. Emery, BS, Assistant In (R 10-78) 
G. W. Erion , MS, Assistant Professor 
P. D. Evenson, MS, Associate Professor 
L. 0. Fine, PhD, Professor 
P. A. Franks, BS, Assistant In (R 9-79) 
W. S. Gardner, PhD, Professor 
H. A. Geise, MS, Assistant Professor 
A.H. Gelderman, MS, Manager, Soil & Plant 
Analytical Lab 
E. D. Gerloff, PhD, USDA-C, Professor 
S. A. Gylling, BS, Assistant In 
T. J. Heilman, BS, Assistant In 
G. K. Hess, BS, Ass istant In 
G. L. Holborn, BS, Assistant In 
D. L. Keim, PhD, Assistant Professor 
D. G. Kenefick, PhD, Professor 
a. S. Kingsley, MS, Assistant Professor 
A. A. Kohl , PhD, Associate Professor 
C. L. Lay, PhD, Asistant Professor 
A. 0 . Lunden, PhD, Associate Professor 
D. D. Malo, PhD, Assistant Professor 
C. J. Mankin, PhD, Professor 
T. J. Martin , BS, Assistant In 
G. A. Nelson, BS, Assistant In 
J. D. Otta, PhD, Associate Professor 
R. J. Pollmann, MEd, Assistant Professor 
P. B. Price, PhD, USDA-C, Professor 
D. J. Reeves, PhD, Associate Professor 
J. G. Ross, PhD, Professor 
D. B. Shank, PhD, Professor 
F. E. Shubeck, PhD, Professor 
J. D. Smolik, PhD, Ass istant Professor 
C. E. Stymiest , MS, Assistant Professor 
J. R. Thysell, MS, USDA-C, Assistant 
Professor 
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R. R. Vigil, PhD, Assistant Professor 
J.B. Weber, MS, Manager, Foundation Seed 
Stocks 
D. G. Wells, PhD, Professor 
F. C. Westin, PhD, Professor 
E. M. White, PhD, Professor 
C. W. Wirth , BS, Assistant In 
M. A. Wrucke, BS, Assistant In 
Rural Sociology 
J. Satterlee, PhD, Professor and Head 
J. Awald , MS-C, Instructor 
R. M. Dimit , PhD, Professor 
J. L. Faltemier, DA, Assistant Professor 
G. W. Grant , MA, Instructor 
L. A. Hannus, MA, Instructor 
D. J. Hess, PhD, Assistant Professor 
R. Mendelsohn, PhD, Assistant Professor 
M. P. Riley, PhD, Professor 
R. T. Wagner, PhD, Associate Professor 
Station Biochemistry 
H. G. Hecht , PhD, Professor and Head 
R. J. Emerick, PhD, Professor 
Y. A. Greichus, PhD, Professor 
P. L. Guss, PhD, USDA-C, Assoc iate 
Professor 
A. W. Halverson , PhD, Professor 
A. A. Herr, BS, Assistant In 
R. A. Kramer, BS, Assistant In (R 8-78) 
L. C. Novotny, BS, Assistant In 
0 . E. Olson, PhD, Professor 
I. S. Palmer, PhD, Professor 
N. Thiex, MS, Instructor 
E. I. Whitehead , MS, Professor 
Veterinary Science 
M. W. Vorhies, DVM, MS, Professor and 
Head 
M. E. Bergeland, DVM, PhD, Professor 
S. L. Eustis, DVM, MS, Assistant Professor 
D. Francis, PhD, Assistant Professor 
D. D. Johnson, DVM, PhD, Associate 
Professor 
C. A. Kirkbride, DVM, MS, Associate 
Professor 
T. Langpap, MS, Instructor 
J. P. McAdaragh, MS, Associate Professor 
M. C. McDonald, DVM, Instructor 
D. T. Nelson, DVM, MS, Assistant Professor 
R. L. Pierce, MS, Assistant Professor 
H. J . Shave, MS, Assistant Professor 
P. L. Stein, MS, Instructor 
I. Stotz, MS, Instructor 
T. Toth, DVM, PhD, Associate Professor 
Wildlife & Fisheries Sciences 
C. G. Scalet, PhD, Associate Professor and 
Head 
R. L. Applegate, PhD, USDI-C, Associate 
Professor 
R. S. Benda, PhD, USDI-C, Associate 
Professor 
L. D. Flake, PhD, Associate Professor 
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R. L. Linder, PhD, USDI-C, Professor 
T. C. Modde, PhD, Assistant Professor 
J. T. Ratti, PhD, Assistant Professor 
F. Schitoskey, PhD, USDI-C, Associate 
Professor 
Projects 
Administration 
Mechanism of gene action in the t 12/t 1 2 em-
bryonic mouse lethal , Granholm. 
Microcomputer technology in accounting in 
farm and ranch management, Dracy. 
South Dakota agricultural manpower, Han-
son . 
Agricultural Engineering 
Climat ic resources of the north central re-
gion , Lytle. 
Trickle and sprinkler irrigation of shallow 
rooted vegetable and berry crops , 
DeBoer. 
Relationship of daily and climatological 
weather variables to ag production , Lytle. 
Livestock confinement and environmental 
control systems, Hellickson. 
Energy utilization and efficiency in ag pro-
duction , Hellickson . 
Equipment for reduced tillage systems, 
Chisholm . 
Wind energy for ag applications, Verma. 
Irrigation system performance and pumping 
plant capacity, DeBoer. 
Forage production and utilization systems, 
Chisholm. 
Non-parametric theory of infiltration during 
rainfall on layered soils, Chu. 
Energy utilization in South Dakota agricul-
ture, Christianson. 
Animal Science 
Causes of fatty liver-hemorrhagic syndrome 
(FLHS), Nelson . 
Interrelationships of diet , rumen fermenta-
tion, and performance, Luther. 
Beef cattle breeding, Dinkel. 
Mercury in our environment, Carlson . 
Cellulosic wastes as potential ruminant 
feeds, Kamstra. 
Operation research methods for livestock 
enterprises, Dinkel. 
Control of insects affecting livestock, 
Kohler. 
Nitrogen supplementation for ruminants, 
Embry. 
Mating and management systems for com-
mercial beef production , Deutscher. 
Range improvement techniques, Gartner. 
Mineral nutrition and metabolism in -live-
stock, Embry. 
Effect of range condition on beef produc-
tion and water and energy balance of 
grassland ecosystems, Lewis. 
Composition, nutritive value, and stability 
of poultry meat and egg products, Carl -
son . 
Preparation , preservation, and storage \, 
livestock feeds , Luther. 
Systems of marketing cereal grains and for-
ages through growing and finishing cat-
tle, Kuhl. 
Nutrient requirements and management of 
sows, Wahlstrom. 
Lamb production , Slyter. 
Reproductive efficiency of livestock, Slyter. 
Fabricated meat characteristics, Costello. 
Dietary stimulants in poultry production , 
Carlson . · 
Amino acid requirements of laying hens, 
Carlson. 
Protein-amino acid-mineral levels in swine, 
Wahlstrom . 
Swine management and housing systems, 
Wahlstrom. 
Wintering cows fed according to environ-
mental variations, McCone. 
Management systems for feedlot heifers, 
Embry. 
Forage production and utilization systems, 
Kamstra. 
Botany-Biology 
Tissue culture techniques in breeding mon-
ocots, Chen . 
Epidemiology and control of wheat streak 
mosaic virus, McMullen. 
Tissue culture of endangered plant species 
and their establishment on protected _ 
areas, Holden. ,ij.\ 
Effect of sediment control dams on wat )) 
quality of a prairie lake, Haertel. 
Dairy Science 
Improving cultured dairy products, Spur-
geon. 
Analysis of dairy products, Baker. 
High protein oats in dairy cattle rations, 
Voelker. 
Whey utilization by dairy cattle, Schin-
goethe. 
Dairy cattle breeding and selection, 
Voelker. 
Nutrition of high producing dairy cows, 
Schingoethe. 
Large dairy herd management , McGuffey. 
Nutritional utilization of forages by dairy 
cattle, McGuffey. 
Quality and consumer acceptance of dairy 
foods, Gilmore. 
Economics 
The US food production and distribution 
system, Olson. 
Microcomputer technology in accounting in 
farm and ranch management, Allen . 
Alternative rural freight , transportation , 
storage, and distribution systems, Lam-
berton. 
Budgeting procedures for community ~ 
vices, Bateman. 
Grain producer marketing strategies for rap-
idly changing conditions, Sogn. 
The value of water for domestic use, Lun-
deen. • 
Farm ownership, tenancy, and size · prob-
:\.lems of family farms, Berry. 
~::,onomic value of water for agriculture in 
eastern South Dakota, Shane. 
Tax impacts on farmers and ranchers, 
Kamps. 
Management characteristics of low re-
source farms and ranches, Allen. 
Alternative strategies in transportation, 
Vollmers. 
Employment and earnings implications of 
industrial growth in rural South Dakota 
Dobbs. ' 
Guidelines for municipal school coopera-
t ion in providing recreation and parks, 
Bateman. 
Alternative decisions for water allocation 
and development, Daves. 
Effects of livestock diversification on the 
level and stability of farm income, Peter-
son. 
Entomology-Zoology 
Soil arthropods of the northern prairie 
grasslands, McDaniel. 
Survey entomologist, Walgenbach. 
Ecology and control of the western and 
northern corn rootworm, Walgenbach. 
Blood-sucking Diptera, Easton. 
Nutritional and metabolic interrelation-
ships in absorption and placental transfer 
of iron and other nutrients, Swanson. 
41falfa insects, Walstrom. 
~ ) monia intoxication and mammalian body 
,ar,issue functions, Roller. 
Pesticide Impact assessment, Walgenbach. 
Metals in the hog roundworm, Greichus. 
Lungworm and sarcocystosis of ungulates, 
Hugghins. 
Home Economics 
Nutrition improvement, Johnson. 
Evaluation of spring wheat and o~ts culti-
vars of high nutritive value, Johnson. 
Nutritional impact on fat altered diets, 
Johnson. 
Utilization of bison meat, Deethardt . 
Analysis of soil retained after low tempera-
ture laundry, Hurlocker. 
School lunch: plate waste, attitudes, nutri-
tional adequacy, Johnson. 
Effects of laundering on blankets, Sivers. 
Effects of absorbent finishes on selected 
fabric properties, Hurlocker. 
Hort i cu It u re-Forestry 
A state trails plan, Nordstrom. 
Conifers suitable for South Dakota, Baer. 
Development of tomatoes, Prashar. 
Fruit cultivars and cultural practices, Peter-
son . 
Annuals, herbaceous perennials , and 
0
woody ornamentals for the northern 
~lains, Klett. .rw plants for industry and agriculture, 
Peterson. 
Vegetable production, Prashar. 
Trees and shrubs, Collins. 
Effect of nitrogen source and water quality 
on ornamental plants, Klett. 
Microbiology 
Nitrogen fixing bacteria associated with the 
roots of corn, small grains, and sorgh.um, 
. Pengra · 
Assimilatory nitrogen metabolism in soil 
bacteria, Westby. 
Listeria in the environment, Wilkinson. 
Animal waste management systems for the 
1980s, Middaugh. 
lmmunochemical analysis of the lipopoly-
saccharide of Rhizobium from native le-
gumes, Hillam. 
Cooperative organic fuels cellulose hydroly-
sis, Middaugh. 
Plant Science 
Inheritance of ribonuclease polymorphism 
in relation to freeze survival and yield 
of winter barley, Kenefick. 
Soil testing and soil fertility programs to 
Increase productivity, Carson. 
Land use relationships, Malo. 
Corn breeding, Shank. 
Alternative dryland cropping in western 
South Dakota, Stymiest. 
Foundation seed stocks, Weber. 
Seed certification, Pollmann. 
Seed testing, Gelderman. 
Crop performance testing, Bonneman. 
Crop and soil management with and without 
supplemental water, Fine. 
Environmental accumulation of nutrients as 
affected by soil and crop management 
White. ' 
Rpot-infecting fungi, Buchenau. 
Nematodes in field crops, grasses, and le-
gumes, Smolik. 
Plant pathogenic bacteria on seeds and 
plant propagative materials, Otta. 
Forage production and utilization systems 
for growing and finishing beef cattle 
Vigil. I 
Winter wheat improvement, Wells. 
Cultural practices to Improve crop produc-
tion, Shubeck. 
Shelterbelt and ornamental tree diseases 
Otta. ' 
Plant growth control, Arnold. 
Physiological factors which may limit yield 
in flax and soybeans, Dyblng. 
Relating soil and landscape characteristics 
to land use, Westin. 
Sunflower management for production and 
insect control, Kingsley. 
Diagnostic services for identifying plant 
diseases, Mankin. 
Breeding cool-season forage species, Ross. 
Relationship of corn and four annual grass-
es to the epidemiology of wheat streak 
mosaic virus, Gardner. 
f:lax breeding and cultural practices, Lay. 
Oats and rye adapted to South Dakota, 
Reeves. 
Spring wheat breeding, Keim. 
Characterizing the available soil water hold-
ing capacity, Kohl. 
Forage management systems for cow-calf 
production in the northern Great Plains, 
Vigil. 
Seed production of breeding lines of insect 
pollinated legumes, Ross. 
Cellular photosynthetic processes, Kene-
fick. 
Reduction of corn losses due to nematodes 
in the north central region, Smolik. 
Soil factors limiting production of forage 
plants, White. 
Barley improvement, Price. 
Superior grasses, Ross. 
Evapotranspiration and irrigation schedu-
ling, Evenson. 
Crop and soil management, species control 
and related studies affecting production 
of cereals, grain, forage, and oil crops in 
western South Dakota, Geise. 
Rural Sociology 
Population redistribution in the no.rth cen-
tral region, Riley. 
Career Interests of Native American youth 
in reservation areas, Hess. 
Multi-county planning district activities as 
perceived by residents, Dlmit. 
Population change, Wagner. 
Station Biochemistry 
Inheritance of ribonuclease polymorphism 
in relation to freeze survival and yield of 
winter barley, Whitehead. 
Analytical services, Olson. 
Biochemistry of selenium, Palmer. 
. Mercury in our environment, Emerick. 
Zinc in tryptophan synthesis and growth 
regulation in corn, Whitehead. 
Manganese oxide deposition In waterlines, 
Gehrke. 
Selenium: human dietary implications, 
Palmer. 
Pentachlorophenor toxicosis in young pigs, 
Greichus. 
Mii;,eral nutrition and metabolism In live-
stock, Emerick. 
Veterinary Science 
Bovine abortio·n, Kirkbride. 
Reo-like virus enteric infection in swine, 
McAdaragh. 
Enterlc diseases of swine, Bergeland. 
Swine pseudorabies, McAdaragh. 
Enhancement of placental transport utiliz-
ing ionophores and various co-factors, 
Swanson. 
Bovine respiratory disease, Eustis. 
Wildlife and Fisheries Sciences 
Ecology of wetlands and waterfowl pro-
duction in eastern South Dakota, Flake. 
Fish production in farm and ranch waters, 
Scalet. 
Food habits, taxonomic status, and prey in-
teractions of the coyote, Schitosky. 
Hungarian partridge in eastern South Dako-
ta, Ratti. 
Control of small mammal damage to 
shelterbelts, Sch itoskey. 
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Articles, 
publications 
Agricultural Engineering 
Articles, papers: 
Buller, G.W., and M.A. Hellickson. 1978. 
Model study of swine manure pit ventila-
tion systems. ASAE Paper No. 78-4046. 
Calle, J.L. 1979. Drying of large cylindrical 
bales with a solar energy int.ensifier-ther-
mal energy storage. MS thesis, SDSU. 
Chisholm, T.S., R.J. Devine, LO. Kamstra, 
F.R. Vigil, T.M. Klosterman, and D.C. Cur-
tis. 1978. Large rack for limit feeding any 
hay pac;kages. Paper No. NCR-4006, 
ASAE. 
__ , L.D. Kamstra, F.R. Vigil. 1978. Mois-
ture measurement of windrowed alfalfa 
hay. Paper No. NCR78-1002, ASAE. 
Chu, S.T. 1978. J curves in unit hydrograph 
theory. Paper, Midwest Geophysical 
Union Meeting, St. Louis, MO. 
__ , and R.A. Young. 1979. Modeling infil-
tration during variable rainfall on layered 
soils. ASAE Paper No. 79-2041. 
__ , and D.W. DeBoer. 1979. Analysis of 
Oahe irrigation distribution network 
alternatives. Completion report. 
Research project SD00756. 
DeBoer, D.W. 1979. Comp~rison of 
three field methods for determining 
saturated hydraulic conductivity. Trans. 
ASAE 22(3):569. 
Egan, R.K, and M.A. Hellickson. 1978. Ridge 
vent and wind direction effects on ven-
tilation characteristics of a model open-
front livestock building. Trans of the 
ASAE 21(1):146. 
Hellickson, M.A., L.A. Verma, and D.L Moe. 
1978. Solar energy intensifier with ther-
mal energy storage. Paper, Solar Energy 
for Livestock Building Heating Meeting, 
College Park, MD. 
__ , W.H. Peterson, and LR. Verma. 
1979. Development and evaluation of a 
multiple use solar energy system for 
agriculture. Paper, International Solar 
Energy Society Meeting, Atlanta, GA. 
__ . 1979. Cost/performance goals for ag-
ricultural solar collectors. ASAE Paper 
No. 79-4054. 
Jennings, B.A., and D.W. DeBoer. 1978. Irri-
gation water measurement. ASAE Paper 
NCT 78-2001. 
Koenig, T.J., M.A. Hellickson, and W.L 
Roepke. 1978. Building geometry and 
wind effects on model open-front beef 
building ventilation . Trans ASAE 
21(6):1199. 
Papendick, S. 1978. Water and nitrogen hus-
bandry for irrigated corn in central South 
Dakota. MS thesis, SDSU. 
Pohl, S.H., and M.A. Hellickson. 1978. Model 
study of five types of manure pit ventila-
tion systems. Trans ASAE 21(3): 542. 
Rydell, T.L., M.A. Hellickson, and LR. 
Verma. 1979. Energy consumption in 
crop production by South Dakota. ASAE 
Paper No. 79-3018. 
__ . 1979. Energy for eastern South Da-
kota corn, small grain, soybean and hay 
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production. MS thesis, SDSU. 
Verma, LR., and K. Von Bargen. 1979. Alfalfa 
quality affected by stack top topography 
in mechanically formed stacks. Trans. of 
the ASAE, St. Joseph, Mich. 
Publications: 
Chisholm, T.S., L.D. Kamstra, F.R. Vigil, and 
G.R. Durland. 1978. Large hay packages: 
harvesting through feeding. SDCES FS 
689. 
Animal Science 
Journal articles: 
Brown, M.A., and C.A. Dinkel. 1979. Effici-
ency to slaughter of calves from Angus, 
Charolais and reciprocal cross cows. 
Amer Soc Anim Sci Abstr 13:82. 
Carey, J.B., and C.W. Carlson. 1978. Further 
studies with low protein diets. Poultry 
Sci 57:1124 (abstr). 
Carlson, C.W., H. Choudhury, and A.B. 
Kashini. 1978. Amino acid supplementa-
tion of low protein diets. Proc 16th World 
Poultry Congress, Rio de Janerio, p 593. 
__ , E. Guenthner, R.J. Emerick, and A.A. 
Nelson. 1979. Growth promoting effects 
of copper salts in poultry. Proc Maryland 
Nutr Cont, Washington, D.C., p 101. 
__ , and A.B. Kashani. 1978. Factors in-
fluencing amino acid requirements of 
laying· hens. Proc Georgia Nutr Cont, 
Atlanta, p 92. 
Cox, M.W., G.W. Libal, and R.C. Wahlstrom. 
1979. Effects of N-acetyl-DL-tryptophan 
supplementation to low protein starter 
diets for swine. Amer Soc Anim Sci 
Abstr 43:95. 
Deutscher, G.H., and A.L. Slyter. 1978. 
Crossbreeding and management · 
systems for beef production. J Anim Sci 
47:19. 
Dinkel, C.A., and W.R. Trevillyan. 1979. Ef-
fects of mating and management 
systems on beef production. Amer Soc 
Anim Sci Abstr 14:82. 
Dunn, B.H., R.J. Emerick, and L.B. Embry. 
1979. Sodium bentonite and sodium 
bicarbonate in high-concentrate diets for 
lambs and steers. J Anim Sci 48(4):764. 
Embry, L.B., and B.H. Dunn. 1978. Zeranol 
and diethylstilbestrol implants for 
feedlot lambs. J Anim Sci 47:416, Sup-
plement II (abstr). 
Emerick, R.J., B.H. Dunn, and L.B. Embry. 
1978. Limestone as an aid in the feeding 
of high-concentrate diets to lambs. J 
Anim Sci 47:416, Supplement II (abstr). 
Enevoldsen, M.E. , and J.K. Lewis. 1978. Ef-
fect of range site and range condition on 
height and location of the shoot apex in 
vegetative shoots of western 
wheatgrass. Proc First lnternatl 
Rangeland Congress, Denver, Colo., p 
387. 
Gartner, F.R. 1978. Resources of the North 
American prairie. Proc. 1977 Rangeland 
Mgmt and Fire Symp., Casper, Wyo., p 6. 
__ . 1978. Federal and state cooperation 
for improving rangelands through educa-
tion . Proc First lnternatl Rangeland Con-
gress, Denver, Colo., p 111. 
__ , A.I. Butterfield, W.W. Thompson. and 
LR. Roath. 1978. Prescribed burning of 
range ecosystems in South Dakota. Proc 
First lnternatl Rangeland Congress, 
Denver, Colo., p 687. A ) 
Goodman, J.P., A.L Slyter, and L.B. Embrr,:1 ,., 
1978. The effect of the Hei-Gro uterine 
device and Synovex-H implants on 
feedlot .performance and cyclic activity 
of growing beef heifers. J Anim Sci 47:9, 
Supplement II (aqstr). 
·_A.L. Slyter, and L.B. Embry. 1978. The 
effect of the Hei-Gro intra-vaginal device 
and Synovex-H implants on feedlot per-
formance and reproductive tract condi-
tion of finishing beef heifers. J Anim Sci 
47:260, Supplement II (abstr). 
Guenthner, E., C.W. Carlson, and R.J. Emer-
ick. 1978. Copper salts for growth 
stimulation and alleviation of aortic rup-
ture losses in turkeys. Poultry Sci 
57:1313. 
Hanson, C.L., . and J.K. Lewis. 1978. Winter 
runoff and soil water storage as affected 
by range condition. Proc First lnternatl 
Rangeland Congress, Denver, Colo., p 
284. 
Kamstra, LO., and C. Cogswell. 1978. Pine 
needle abortion in foothill pastures. Proc 
31st Annual Meeting, J Range Mgmt, p 
38 (abstr). 
Kashani, A.B., and C.W. Carlson. 1978. Ef-
fects of dietary amino acids on blood 
plasma and amino acid composition of 
egg white. Fed Proc 37:839 (abstr). 
Nelson, A.A., and C.W. Carlson. 1978. Ef-
fects of feeding corn and oats diets sup-
plemented with methionine and/o r:._ 
choline on fatty liver hemorrhagic sy-'\\ 
drome. Poultry Sci 57:1175 (abstr). /)J 
__ , C.W. Kang, O.E. Olson, and C.W. Carl-
son. 1979. Calcium-binding protein and 
carbonic anhydrase activity in aged hens 
with high and low quality eggshells. Fed 
Proc 38(3):766 (abstr). 
NCR-42 Committee on Swine Nutrition. 
1978. Effect of protein level during gesta-
tion and lactation on reproductive perfor-
mance in swine. J Anim Sci 46(6):1673. 
Paterson, D.W., R.C. Wahlstrom, G.W. Libal, 
and O.E. Olson. 1979. Effects of sulfate 
in water on reproduction in swine and 
young pig performance. Amer Soc Anim 
Sci Abstr 64:105. 
Schiefelbein, W.E., G.W. Libal, and R.C. 
Wahlstrom. 1979. Effects of increasing 
dietary protein, calcium and phosphorus 
in pig starter diets. Amer Soc Anim Sci 
Abstr 54:100. 
Seymour, J., and LO. Kamstra. 1979. Whole 
aspen tree silage as wintering feed for 
bred stock cows. Proc ND Acad Sci 33:6. 
Singh, M., LO. Kamstra, J.A. Minyard, D.E. 
Moore, and R. Healy. 1978. Winter 
feeding demonstration with pregnant 
stock cows. Proc SD Acad Sci 57:46. 
Smith, W., M.A. Brown, and C.A. Dinkel. 
1979. An evaluation of heterosis and 
mating systems in Hereford cattle. Amer 
Soc Anim Sci Abstr 12:81. 
Song, H., and C.A. Dinkel. 1978. Mathemat-
ical models of postweaning growth, feeci 
intake and carcass composition of b 
cattle. I. Empirical predictive model _ 
voluntary feed intake from weaning to 
slaughter. J Anim Sci 47:56. 
__ ,and--· 1978. Mathematical models 
of postweaning•growth, feed intake and 
carcass composition of beef cattle. II. 
Estimation of chemical and · physical 
composition of gain for bi.ological types 
of cattle. J Anim Sci 47:70. 
app, M.J., and A.L. Slyter. 1979. Factors 
that affect fertility of ewe lambs. Abstr 
12th Annual Meeting, Midwestern Sec-
tion , Amer Soc Anim Sci. 
Wahlstrom, R.C., and G.W. Libal. 1978. Ef-
fects of housing and management on 
performance of growing and finishing 
pigs. Amer Soc Anim Sci Abstr 152:277. 
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p 517. 
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Anderson , V.L~, and C.A. Dinkel. 1978. For-
age finishing exotic crossbred and 
British cattle. AS 78-27:67. 
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crossbred and British cattle. SE Exp 
Farm PR, p 20. 
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calcium level and source and 
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., ~ffect of antibiotics on the growth of 
growing pigs fed different levels of pro-
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__ , __ ,and _ _ . 1978. Effect of level and 
source of dietary calcium on the 
res~onse of pigs to antibiotics . AS 
78-12:18. 
Brown, M.A., and C.A. Dinkel. 1978. Rela-
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traits in Angus, Charolais and reciprocal 
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_ _ ,and __ . 1978. Efficiency to slaughter 
of calves from Angus, Charolais and 
reciprocal cross cows. AS 78-25:59 
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cross calves under two management 
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differential in amino acid requirements 
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ing hens (Ill). AS 78-7:26. 
Chisholm, T.S., L.D. Kamstra, and R.J. 
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DeHaan, K.A. 1979. Embryonic screening 
and isolation of pine needle abortive 
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Dinkel , C.A., and M.A. Brown . 1978. An eval-
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weight as an indicator of cow efficiency. 
AS 78-18:30 
__ , and W.R. Trevillyan. 1978. Effects of 
mating and management systems on 
beef production. AS 78-22:48. 
Embry, L.B., and L.F. Bush. 1979. Weed 
crops for silage. AS 78-8:65. 
_ _ , and __ ·. 1979. Oat hay or oat haylage 
in high roughage rations. AS 79-1 :23. 
__ , and __ . 1979. Whole or rolled corn 
grain fed at various levels to cattle on 
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Emerick, R.J. , I.S. Palmer, A.A. Nelson, and 
C.W. Carlson. 1978. Mercury and 
selenium interactions during growth and 
reproduction of chickens (progress 
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proving forage production on claypan 
soils. AS 78-28:71. 
Gee, D.H. 1979. Beef yield and quality 
grades. Beef Cattle Handbook. 
_. 1979. Lamb yield grades - symbols of 
value. AS 79-15:32. 
Goodman , J.P. 1979. Hei-Gro intravaginal 
devices and Synovex-H implants for 
feedlot heifers. MS thesis, SDSU. 
. _ , A.L. Slyter, and L.B. Embry. 1979. Hei-
Gro intravaginal device and Synovex-H 
implants for feedlot heifers. AS 79-4:36. 
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1978. Aspen feeding shows promise. The 
Farmer (Dakota Edition), p 39. 
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feed. Termination Report, Old West 
Regional Commission. 
_ , R.M . Luther, and R.K. McGuffey. 1979. 
Silage making and silage additives. Proc 
22nd Cattle Feeders Day, p 7. 
Kang, Chang, A. Wright, O.E. Olson, and 
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parameters in aged laying hens. AS 
78-3:13. 
Kohler, P.H., and L.B. Embry. 1979. Dust-
impregnated ear tags for horn fly control 
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Kuhl, G., C. Carlson, L. Embry, and F.Shu-
beck. 1979. Utilization of drought-
stricken corn silage by yearling steers. 
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Libal, G.W., and R.C. Wahlstrom. 1978. Ef-
fect of interval feeding on the reproduc-
tive performance of sows and gilts. AS 
78-17:43. 
_ , _ _ , and W.E. Schiefelbein. 1978. 
Management of pigs prior to and follow-
ing weaning at four weeks of age. AS 
78-16:40. 
Lloyd, W.R., A.L. Slyter, and W.J. Costello. 
1979. Effect of breed, sex and final 
weight on feedlot performance, carcass 
characteristics and meat palatability of 
lambs. AS 79-13:21. 
Luther, R.M ., and L.B. Embry. 1979. Methods 
of vitamin A supplementation for fatten-
ing beef cattle. AS 79-3:32. 
MacNeil, M.D., M.A. Brown, and C.A. Dinkel. 
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Miller, H.L. 1979. Sheep flock management. 
AS 79-14:28. 
Nelson, A.A., and C.W. Carlson. 1978. Corn 
and oats for grower diets and their ef-
fects on subsequent reproductive perfor-
mance. AS 78-2:10. 
_, and _. 1978. Effects of fiber addi-
tion to corn diets on fatty liver-
hemorrhagic syndrome. AS 78-5:19. 
_ _ , and _ _ . 1978. Bacitracin sup-
plements for egg production (II). AS 
78-8:31 . 
Peterson, D., R.C. Wahlstrom, and G.W. 
Libal. 1978. Effects of iron compounds 
fed to gestating and lactating sows on 
the hematolgy and performance of the 
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Rommereim, D.N., and A.L. Slyter. 1979. Ef-
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lambing with flumethasone. AS 79-16:36. 
Schiefelbein, W.E. 1979. Effects of varying 
dietary protein, calcium and phosphorus 
in starter diets for early weaned pigs. MS 
thesis, SDSU. 
_ , R.C. Wahlstrom, and G.W. Libal. 1978. 
Effects of dietary protein, calcium and 
phosphorus in pig starter diets. AS 
78-14:27. 
Slyter, A.L. 1979. Lambing performance of 
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_ _ . 1979. Effect of management system 
and breed of ewe on lambing perfor-
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gress report). AS 79-12:18. · 
_ _ . 1979. Effect of management system 
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_ . 1979. Foster pens. SDCES FS 698. 
_, J.M. Pajl, and W.R. Trevillyan . 1979. 
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Smith, W. , M.A. Brown, and C.A. Dinkel. 
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mating systems in Hereford cattle. AS 
78-24:54 . 
Trapp, M.J. 1978. Pregnancy diagnosis in 
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_ , and A.L. Slyter. 1979. Pregnancy diag-
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Trevillyan, W.R., M. MacNeil, and C.A. 
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Phosphorus levels in diets of growing-
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ciency. AS 78-10:9. 
_ , and __ . · 1978. Effect of type of con-
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growing-finishing swine. AS 78-15:34. 
Whittington, D.L., H.A. Turner, and R.J. 
Raleigh . 1979. Comparison of methods 
of producing slaughter weight steers us-
ing maximum quantities of forage and 
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Chen, C.H., P.F. Lo, and J.G. Ross. 1979. 
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Emnett, C.W., and E.J . Hugghins. 1979. Sar-
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Goeden-Kallemeyn, Y.C., and C.H. Chen. 
1978. Consistency of the chromosome 
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Haertel, L. Impact of zooplankton grazing 
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water transparency. SD Acad Sci 58 (in 
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Holden, D.J., and C.H . Chen. 1978. Cloning 
woodlilies. Lily Yearbook (in press). 
__ . 1978. How to start lilies with leaves. 
Flower and Garden 22:28. 
_ , B.J. Ellis, and C.H. Chen. 1978. Cloning 
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__ , __ ,and __ . 1978. Distribution of the 
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Murphy, J.M . 1978. Columnar junipers of 
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_, and D.J. Holden. 1979. Ethylene from 
burning lignite as a probable cause of 
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Prairie Nat 11(1):11. 
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Journal articles: 
Abdurahman, E., and J.G. Parsons. 1979. A 
comparison of milk protein content by 
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laboratories. J Dairy Sci 62 (Suppl 1):36 
(abstr). 
Ahrar, M., and D.J. Schingoethe. 1979. Heat-
treated soybean meal for lactating cows. 
J Dairy Sci 62:932. 
Coder, D.S., and J.G. Parsons. 1979. The ef-
fects of processed wheys in caseinate 
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tance of ice cream . J. Dairy Sci 62 (Suppl 
1):35 (abstr). 
Dybing, S.T., J.G. Parsons, and K.R. Spur-
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Dairy Sci 62 (Suppl 1):49 (abstr). 
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Kipp, W.J. , and K.R. Spurgeon . 1979. Rapid 
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home-style microwave oven . J Dairy Sci 
62 (Suppl 1 ):38 (abstr). 
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starters. J Dairy Sci 62 (Suppl 1):48 
(abstr). 
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Lazo, J.L., R.K. McGuffey, and W.S. Gard-
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tron microscope examination . of fresh 
and ensiled alfalfa. J Dairy Sci 62 (Suppl 
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Amer Soc Anim Sci 70th Ann Meeting P 
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(Suppl 1):180 (abstr). 
Wingfield , J.M. 1978. Effects of added dry 
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Parsons, J.G. 1979. Milk quality-what is it 
worth? Midwest Dairyman 2(4):3. 
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possibilities for South Dakota 
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Young, A., G. Morse, and T. Daves. 1979. 
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Sogn, A.B. 1978. Factors that determine 
where a farmer buys and sells. SDAES 
Bui. 
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Allen , H.R. , L. Derscheid , W. Aanderud , Ze-
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~mad, N. 1979. Comparative degradation 
W,Y of fonofos, phorate, herbufos, and the 
· oxidized products in South Dakota 
soil.Bull Environ Contam Toxicol 23. 
--· 1979. Dissipation of carbofuran in four 
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Toxicol 23. 
--· 1979: Differential degradation rates of 
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soil. SD Acad Sci 33:75. 
_, D.D. Walgenbach, and G.R. Sutter. 
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and phorate in South Dakota soil. Proc 
NCB Entomol Soc Amer (abstr) p 19. 
__ , __ , and __ . 1978. Some properties 
of microsomal mixed function oxidase in 
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vae. Proc NCB Entomol Soc Amer, p 13. 
McDaniel , B. 1979. A new species of the 
gen u.s Op I it is Berlese (Acarina : 
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record for Oplitis expodi Hunter and Far-
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__ . 1979. A new genus and species of the 
fam ily Naorchestidae associated with 
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Ent Soc Wash (in press). 
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.._. 1979. New species of the genus Bi· 
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__ . 1979. How to know the mites and ticks. 
Wm. C. Brown Co. 
__ , and E.G. Bolen. 1979. The occurrence 
of Tyrrellia circularis Koenike in Texas 
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__ , __ . 1979. A new distribution record 
· for Podocinum pacificum Berlese. Proc 
Entomol Soc Wash 81 (2):326. 
__ , __ . 1979. Two new species of the 
genus Cryptognathus from South 
Dakota and Texas. Int Jour Acarology 
5(2):93. 
__ , __ ,and R.A. Norton. 1979. Mites of 
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Oribatei) from- Texas. Ent Soc Wash (in 
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tion of Olabidocarpus americanus with a 
description of the male and new host 
records from Hawaii. J Med Ent 15:180. 
__ , and P.O. Theron. 1979. A new distribu-
tion record and morphological variant of 
Terpnacarus glebulentus Theron. Ent 
News 90(3): 143. 
_ _ , and S.S. Waller. 1979. Relationship of 
photosynthetic pathway in grasses and 
dietary preference of scale insects (ln-
secta:Coccoidea). Southwestern Nat 
manuscript No. 325. 
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lgenbach, D.D. and R.S. Hooten. 1979. 
Hessian fly infestation on spring wheat 
in South Dakota. Ent Soc America 
meet ing Houston , TX. 
__ , G.K. Kohn, and D.L. Kensler. 1978. 
Compositions for preserving crops and __ . 1978. Muskmelons. SDAES C 223. 
animal feedstuffs . U.S. Patent 7, 123, __ , and D.M. Martin. 1979. Lawn care. SD· 
552. CES FS 715. 
Publications, reports: 
Easton, E.R. 1978. Value of the sticky trap 
to sample face flies (Musca autumnalis) 
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Ent Soc Amer annual meeting, Houston,· 
TX. 
__ . 1979. Distribution and relationship to 
human disease of ticks in the genus Der-
macentor in South Dakota. Joint meeting 
of the Dakota Academies of Science, 
Aberdeen, SD. 
__ . 1979. Insects and mites affecting 
swine. Workshop on research and exten-
sion needs for integrated pest manage-
ment of insects, ticks and mites affec-
ting livestock and poultry, Manhattan, 
KS. 
McDaniel , B. 1978. A population study of 
subterranean soil mites of the suborder 
Prostigmata in South Dakota. SDAES TB 
(in production). 
_. 1978. The leafhoppers of South Da-
kota. SDAES TB (in production). 
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Publications, reports: 
Guild, L. 1979. Interaction of dietary carbo· 
hydrate, fat, and phosphate in lipid 
metabolism. Proc ND Acad Sci 33:12 
(abstr). 
Hurlocker, M. 1979. Laundering problems 
with hard water, iron, and manganese . 
SDCES EMC 812. 
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F &H Res:29(3):9. 
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Nordstrom, P.E. 1979. Recreational trails 
and you . SD Cons Digest 46. 
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J of Bacteriol 36:582. 
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use and injury on soybeans (Glycine 
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teractions between soil-borne microor-
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Pathology. Ann Wheat Newsletter 
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1978. Virus-like isometric particles from 
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_ _ , and C.A. Dolecheck. 1978. Sulphur. di-
oxide injury symptoms on garden and 
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__ , and G.L. Holborn . 1978. Alfalfa perfor-
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ses of necrotic enteritis in swine. Proc 
.19th George A Young Cont (Lincoln , 
NE):3. 
Draayer, H.A. 1979. An electron microscopic 
investigation of bovine abortion. MS 
thesis, SDSU. 
Kirkbride, C.A. 1978. Abortion in dairy cat-
tle: causes and control. DSU-78-5. 
_ . 1979. Strep ag mastitis. DSU-79-3. 
Wildlife and Fisheries Sciences 
Journal articles: 
Anderson , W.H ., W.A. Wentz, and B.D. 
Treadwell. 1979. A guide to remote sens-
ing information for wildlife biologists. In : 
S.D. Schemnitz, (ed.). Wildlife Manage-
ment Techniques 4th ed The Wildlife 
Society (in press). 
Applegate, R.L. , and W.L. Kruckenberg. 
1978. First-year growth and food of 
largemouth bass in a South Dakota bor-
row pit stocked with fathead minnows. 
Prog Fish-Cult 40(1):7. 
Bultsma, P.M. , R.L. Linder, and T.L. Kuck. 
1979. Reproductive success of giant 
Canada geese in western South Dakota. 
SD Acad Sci 58 (in press). 
Emmerich , J.M., and P.A. Vohs. 1978. Wood-
land habitat utilization by birds in 
eastern South Dakota. Proc 13th Ann 
meet , For Comm Great Plains Ag Counc 
89. 
Erickson , R.E., R.L. Linder, and K.W. Har-
mon. 1979. Stream channelization (P.L. 
83-566) increased wetland losses in the 
Dakotas. Wildl Soc Bull 7:71 . 
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Budget 
South Dakota Agricultural Experiment Station 
Fi seal Year 1979 
Source of funds: 6-30-78 6-30-79 
State appropriations (general funds) $3,151,655 $3,509,880 . 
Continuing federal appropriations 
(Hatch & RAF) 1,457,227 1,440,219 
Continuing federal appropriations 
(M/S) · 55,000 62,325 
Federal grants & contracts (USDA) 140,015 339,250 
Federal grants & contracts (Not USDA) 198,299 97,817 
State agencies grants 145,383 132,250 
Private grants & contracts 194,377 314,178 
Internal, statewide, & industry 
services 468,728 423,589 
Replacement livestock & feed 
purchases 596,935 924,971 
Total 6,407,619 7,244,479 
Sales income to 
general fund 5,735 
Net support from general 
fund $3,145,920 $3,509,880 
,outfl dakota 
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The Agricultural Experiment Station and the 
Cooperative Extension Service distribute a large variety 
of publications to South Dakota citizens. Your county 
Extension office has free single copies for you. 
· The following list is the new publications from June 
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Humidity 
Thermostats 
Insulation materials 
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Heating system maintenance 
Mobile homes 
Water heating 
Mealtimes 
Energy conservation for young 
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•
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3700 copies printed at estimated 63 cents each-4901A. 
FS 742, Energy sense: Apartments 
FS 743, Energy sense: Building and remodeling 
FS 744, Energy sense: Home cooling 
EC 678, Selecting and altering patterns (rev) 
C 225, Ranch management: Handling drought 
C 229 No 2, Population update: South Dakota's population 
at mid-decade 
C 229 No 3, Population update: Age and sex 
B 652, Pasture systems: Economic alternatives 
B 658, Gasohol (rev) 
B 665, N.W. Hansen's contributions to alfalfa breeding in 
North America 
B 667, Lancer oats 
TB 52, Ponderosa pine: A 10-year provenance study 
Out-of-state residents may obtain FS, EC and EMC 
publications for 15 cents each unless otherwise indicated, 
B,C and TB series at 25 cents each unless otherwise 
indicated. Remittance is required in advance of shipment. 
Remittance from foreign countries should be made by 
international money order payable to Ag Publications No. 
6287-9101, by draft on American or Canadian bank. It is 
necessary to include an additional 25% of the total cost 
of publications ordered to cover foreign postage. Send to 
Extension Bulletin Room, SDSU, Brookings, SD 57007 . 
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Material appearing in this publication may be reprinted 
provided the meaning Is not changed and credit is 
given the researcher and South Dakota Agricultural Ex-
periment Station. 
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Director's comments 
It could have been a harrowing experience, but 
we had the chance to "tell our story" to 
legislators and found even more ways to unify 
the various projects of our scientists. 
Trusty partners in research 
Three different agencies in an unusual agree-
ment. The benefits are good food, gainfu~ work, 
and important research findings which can be 
passed along to all South Dakotans. 
Home grown nitrogen 
Dream big and imagine corn and wheat that 
don't need expensive nitrogen fertilizer 
because they would have nitrogen fixing 
bacteria clustered around their roots. We're 
working on it . 
Steer with a pop top 
The Hectors in the SDSU dairy herds are very 
special animals, contributing to research in 
many departments. Scientists simply open the 
lid and reach into their stomachs. 
so 
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Sun silage 
What if the heads don't mature? Can seed-crop 
trash be put to use? Sun silage is surprisingly 
nourishing and tasty and is a good feed alter-
native for some kinds of livestock. 
Coming of age 
With carryover, storage, and transportation 
problems, sunflowers have passed the "baby" 
stage. Just so much data from other states can 
be adapted here; we need our own research. 
Our best release 
These statistics are far from dry. Compare, for 
example, the years 1934 and 1976. Or 1920 and 
1977. Similar years in everything except crop 
yields. Doug Malo·tells why. 
92nd annual report 
In one place you will find all staff members 
given, advisory committees named, a list of all 
projects our scient ists worked on last year. 
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